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Studies of rainfall frequency and intensity have been 
made at  various places, based upon the precipitntion 
automatically recorded a t  regular Weather Bureau stn- 
tions.’ Good records of hourly precipitation are, a t  most 
places, confined to the years since the late nineties, but 
it seems that there is not in print any study of hourly 
rainfall extending over as many as 30 years of record. 
Fairly complete hourly data for the New Orleans station 
for 30 years, 1898 to and including 1927, have been ob- 
tained by transcribing the amounts prior to 1905, showm 
by the original sheets now on file a t  this station. 

The means of registration has been the self-recording 
rain gauge of the tipping bucket type; which gives the 
time distribution of rainfall measured in hundredths of 
an inch. The time intervals used for tabulations are the 
clock hours, with the recorded amounts conforming to 
the &xed hour lines marking standard time on the record 
sheets. None but the heaviest rainfalls are treated in 
Weather Bureau records, with reference to the time of 
occurrence of given intensities rather than upon the fixed 
clock hours. 
This study treats the record in two aspects-frequency 

and intensity. Every hour with a precipitation record 
has been counted, to produce hourly, monthly, and annurtl 
totals for the 30 years. 

In considering these hourly precipitation records as 
matter for statistical cornparison i t  is well to consider 
several liniitations. The first is that the hourly entries in 
the records prepared, as they must be, with refereiice to 
the 24 clock hours, are really random samples of precipita- 
tion intensity. Precipitation is irregular in time, particu- 
larly in the area which is represented by the New Orleans 
records. Any brief shower will produce an hour record, 
whether the duration of rainfall be for a few minutes or 
for a full hour or more. Precipitation extending a little 
longer than 60 minutes can and often doe0 produce a 
record in three separate clock hour3, as it may begin near 
the close of the first hour, extend through the nest, and 
end shortly after the opening of the third hour. The 
summation of the hour entries for a period of years there- 

1 Excellent studies of rainfall frequency and intensity have been published by Tanne- 
MLL hr the Texas coast, as follows: 

Tamehill, I. R.: Wind Velocity and Rain Frequency on the South Texas Cosst; 
Mo. Weather Rev. September 1921 49:498499. 

Tamehi& I. R.:’Freguency Distrihutions of Daily and Hourly Amounts of Rainfall 
at Galveston, Tex.; Mo. Weather Rev., January, 1823. 51:11-14. 

Hourly frequency studies for Chicago (19C2-1911~, are a part of the discussion of the 
climate of Chicago. in the following: 
Cox, H. J., & Armin!&on, J. H: The Weather and Climate of Chicago; pp. 205208. 

University of Chicago Press. 1914. 
Fessig, 0. L. Report on the Climate and Weather of Baltimore and Vicinity. Bel- 

tlmore. 1907. (Maryland Weather Service. v. 2, pp. 167-170.) 
See also a brief discussion relating to foreign stations in J .  Hmn’s Lehrbuch der 

Meteorologie, 4th ed., Leipaig, 1928, pp. 363-4. 
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fore runs to a total considerably greater than the true 
duration of rainfall, this being especially true for the 
region of the Gulf coast, where rainfalls are commonly of 
sliort duration. 

While from a purely practical point of view, concerned 
with interference with outdoor work, t,ransportation, sales, 
etc., the hours with measura.ble rain are admittedly the 
principal end of study, there is great interest, from the 
meteorological point of view, in including also the hours 
with any rainfall whatever; that is, hours in which only 
t,race.s of rain are rec.orded. The fact that precipitation 
even in insignificant amount is occurring, is important as 
showing the existenc.e of that combination of circum- 
stances which may be briefly designated as the “rain 
condit8ion.” In suiiimer especially traces often actually 
represent the occurrence of measurable and a t  times of 
heavy showem in the near vicinity, but showers of such 
limited compass that only the outer edge of the rainfan 
area affects the recording station. 

Table 1 gives for the 30 years 1898-1927 the hourly and 
monthly sunis of ( a )  hours with only a trace of precipita- 
tion, ( b )  hours with 0.01 or more inch of rainfall recorded 
within the hour, and (c )  the sum of (a )  and (b) .  The last 
figure may be properly considered the truer measure of 
frequency of t,he “rain condition.” 

It is true t,hat because of the fact that traces of rrtin 
are not automatically recorded, these records are more 
subject to personal errors of observation. Light rain- 
falls in middle night hours are certainly not fully re- 
corded, as the following consideration of the data will 
confirm: The grand total of all hours with traces of rain 
is only slightly diminished by those failures of record due 
to the lack of observations during night hours. Roughly, 
the monthly total of hours with traces of rain is 65 to 75 
per cent. of the total with measurable rainfall. Many of 
the hours between midnight and 4 a. m. have a much 
smaller proportion of recorded traces, running as low as 
one-third in some instances, and below the average pro- 
portion much more frequently than during the other 
hours of the day. This appears to indicate the loss of 
some records of traces of rain during those middle night 
hours. Moreover, the hours around 7 a. m., noon, and 
7 p. m. appear to carry a somewhat larger than average 
proportion of traces to measurable rains; this leads to 
the suspicion that those times of day have been more 
accurately observed by reason of their being times when 
the observers are likely to be out of doors and therefore 
able to secure personal observation of very slight amounts 
of rainfall which might otherwise have escaped notice. 
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Class of data counted 
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TABLE 1.-Total number hours with rain at New Orleane, La. (1898-1967, inclusive) 

Hours ending- 

I To- A .  hi. I I  P. M. I t., 
~ 

January--.. 

Februaty . . 

March. _ _ _  - 

April .____.. 

May-..---. 

Jum - - - - - -. 

July _ _ _ _  - - . . 

August ... _. 

September. 

October-.. . 

November. 

December. 

Sum, a f b  .__.. C.. 18 14 24 3 Y  

Whatever may be the true weight of such apparent 
inaccuracies, the summation of the records of slight rain- 
falls adds in an important manner to the records of auto- 
matically measured rain, and in the main conforms well 
with and nicely supplements the count of the measurable 
records. 

In  going beyond this point to a comparison of the 
records in different months, we meet a second limitation 
which must be considered in using the raw data carried 
in Table 1. The difIiculty here, as in the first case, grows 
out of the necessity for keeping records in artificial 
brackets, in this instance the varying lengths of the 
calendar months. Before the hourly or monthly totals 
for 28, 29, 30, and 31 day months can be accurately com- 
pared, some form of correction to secure uniformity must 
be applied. This is most simply cared for by reducing 
the number of rainfall hours to a percentage of the total 
time involved in any grouping. For example, there were 

2,S94 hours with precipitation, in December. The  total 
amount of time in that month for 30 years is 22,320 hours, 
and precipitation of a trace or more therefore occurred in 
13 per cent of the hours in December. Likewise the 
30 years showed 1,213 hours in February within which 
rainfall of 0.01 inch or more was recorded; this was 6 per 
cent of the total, 20,304 hours, in that month for the 
whole number of years. 

The count for each individual hour of the day, by 
months for the 30-year record, was similarly reduced to a 
percentage of the total number of hours of that name in 
the month. This base total to which percentages were 
referred varies from the sum, 846 in February, to 900 for 
any 30-day month, and 930 for 31-day months. Hourly 
percentage frequtncies for measurable rains, given as 
round percentages, are shown in Table 2. It was not 
considered desirable to reduce the hourly records of 
traces of rain to a percentage basis. 
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TABLE 2.-Frequency of occurrence of measurable rain in each hour, ezpressed as a percentage ratw of rainy hours to tota2 number of 8ame 
name i n  the month (New Orleans, La.., 1898-1927, inclusive) 

4 6  
-__ 

6 7  
6 6  

. 4  
4 3  
3 4  
2 3  
3 3  
2 2  
4 4  
3 3  
3 3  
7 7  

I Hour ending- 

11 
13 
12 
9 

1 2 3  

7 6 7  
6 6 5  
6 6 6  
4 5 5  
5 6 6  

10 11 
14 12 
14 11 
12 11 

7 6 6  
4 5 4  
8 8 8  

6 6  
-- 

7 6  
6 7  
6 6  
4 4  
4 4  
0 7  
8 8  
Y 8  

6 6  
8 7  

: ;  

5 5  
6 6  
E 5  
4 4  
3 4  
2 3  
3 5  
2 3  
4 4  
3 4  
4 4  
8 7  

- 
Mid. 
l2 

- 

UOO! 
12 

- 
5 
6 
5 
4 
5 

1Q 
11 
10 
Y 
4 
4 
7 
- 

A. M. P. M. Month I - 

11 
- 

6 
6 
5 
4 
2 
6 
7 
6 
4 
4 
7 
- 

- 
I; 
- 

5 
6 
4 
4 
3 
2 
2 
1 
3 
3 
4 
7 
- 

- 

3 
- 

6 
6 
4 
3 
3 
1 
2 
2 
4 
3 
3 
8 
- 

- 
6 
- 
7 
7 
5 
3 
3 
3 
3 
2 
4 
3 
4 
8 
- 

- 

7 
- 

6 
6 
6 
3 
4 
3 
4 
2 
5 
4 
6 
6 
- 

- 10 

- 
5 
ti 
4 
4 
5 
6 
6 
5 
5 
4 4 
- 

- 
4 
- 
7 
6 
6 
5 
4 
10 
12 
10 
8 
6 
5 
8 
- 

- 
7 
- 

7 
7 
6 
4 
5 
4 
5 
5 
5 
4 
4 
7 
- 

- 
8 
- 

5 
6 
6 
4 
4 
3 
4 
3 
3 
3 
4 
6 
- 

- 
Q 
- 

6 
6 
4 
4 
3 
3 
3 
2 
3 

4 
7 

a 

- 

- 
lo' 
- 

6 
6 
4 
4 
3 
2 
2 
2 
3 
2 
4 
8 
- 

6 .s 
. 4  
t 
2 
1 
1 

3 
3 
4 
7 

a 

- 
The bias of hourly distribution of rainfall towards the 

warmer time of the day marks the summer thunder- 
shower type of precipitation, which reaches its highest 
perfection in August, but which is distinctly dominant 
from May through October, and shows its beginnings in 
April. The lack of other types of rainfall in August 
probably accounts for the slight comparative reduction 

Coberly's previous paper on this subject (Monthly 
Weather Review; Sepamber, 1914) presented a simple 
count of frequency of hourly rainfall records of 0.01 inch 
or more for the nine years, 1905 to 1913, inclusive. No 
effort was made by Coberly to effect strict comparability 
of his statistics for the various months. Exanination of 
bis data shows that August had markedly fewer hours 
with rain than did either July or September, although 
the normal rainfall amount is higher in August than in 
September, and these is no evident reason for thinking 
that the prevailing convectional type of rainfall should be 
less frequent in August than in adjacent months. It was, 
in fact, this unexpected discrepancy that led to the present 
study in an effort to arrive at  the true frequency by con- 
sideration of a longer term of records. 

Uaing the 30 years, 1898 to 1927, bot,h inclusive, gives 
a body of data which by the length of record covered may 
be supposed to be more free from the accidental errors 
resultant from deficient sampling. However, it will be 
seen in Table 1 that August still shows a slightly lower 
total of hours (1,118) with measurable rain than does 
September (with 1,159), although the total of all hours 
ineluding traces is slightly larger for August. 

The distribution of measurable rainfall throughout the 
24 hours of the day, by months, is repiesented i n  Figure 1, 
in which the percentage frequency of occurrence for each 
hour, as carried in Table 2, is depicted by radial distance 
in a circle providing place for each hour in the day. 
Rainfalls for the hours 6 p. m. to 6 a. m. have, for con- 
venience, been distinguished from those of the other half 
of the dhy by distinctive shadings. I t  will be seen that 
winter rams are well distributed around all hours of the 
day. Extreme distortion of the distribution is character- 
istm of the hot months, when only a minor fraction of 
measurable rainfalls is recorded between 7 p. m. and 
9 a. m. 

The rainiest hour of the year a t  New Orleans, judged 
by the sum of traces and measurable rains, is the hour 
from noon to 1 p. m. in July (Table 1)  when rain con- 
ditions enter the record on about one day in four. The 
hours between 1 and 2 p. m. in July and betweefi noon 
and 2 p. m. in August show a frequency of the rain con- 
dition nearly as great as in the hour first named. hieas- 
urable amounts are most frequently recorded between 
1 and 2 p. m. in August, and nearly as often in the same 
hour in July. 

The driest hour of the year is between 1 and 2 a. in., in 
July, when frequency of the rain condition (including 
traces) is less than 2 per cent. Frequencies of only 1 per 
cent for measurable rains are recorded in several of the 
early morning hours in June, July, and August, when 
measurable rains are a t  minimum frequency. 

Noon NOO" I!, .. ." 

6 p.m. 

Mtd't M i t t  
Noon 

6 p.m 

Mid'l Mnl't 

6 pm. 

M d l  

FIGURE l.-Graphic. representation of hourly percentage frequencies of messurablr rain3 
at New Orlems, La. (based on records for the 30 years, lBYFlY?7. inclusive). Circum- 
ference of each monthly circle represents the 24 hours of the day. noon at the too. 
Radial distance along any hour line represents the percentage of totnl hours of thit 
name in which measurable rainfnll occurred. Concentric circles indicate intervaLs of 
3 per cent In frequency values. Areas embracing the Interval from 6 p. m. to 6 a. m. 
(covering night hours) are blocked out in black 

in the total of rainy hours in that month as compared 
with July and September. 

The charts in Figure 1 afford a articular emphasis to 

out the day in all seasons, but that figure does not present 
to the eye a proper comparison of the relative monthly 
values of frequency, because values in that figure depend 
on radial distance-not upon area. April, for example, 
as compared with December, has about half as many 
hours with measured rain, but the coinparative areas far 
April and December in Figure 1 are nearly as one to four. 

the characteristic features of rainfa f 1 distribution through- 
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TABLE 3.-Summqry of monthly frequency and mean intensity of hourly rainfall recorab (New Orleans, La.,  1898-1967, incluaive) 

May June July August ttzi;r Octo- Novem-Decem- 
----__- 

$iguTe 2 was therefore prepared, based upon Table 3, 
in orde? to show the relative frequency of hourly rainfall, 
month to month. I n  this figure it may be seen that the 
winter months experience the more extended rains, and 
four months, April, May, October, and November, are of 
eearly uniform low standing in percentage of hours with 
ram. 

However, when the total amount of precipitation in 
each month is divided by the total number of hours with 
measurable rain, it is found that in average rainfall 
inten$y, April leads all the months of the year, notwith- 
standing a position as to normal monthly total of rain 

W/hfer Summer MuYumn 

The fortuitous character of the causes producing rains 
might be expected to tend (in a large number of random 
samples such as compose the 30-year record under con- 
sideration) towards intensity frequencies which might be 
classed in an orderly arrangement approsimating the 
uniformity of a section of the “normal distribution 
curve.” The sniallest amounts of rain of course occur 
most frequently, and the largest amounts are most rare; 
it  might therefore be expected that there is a fairly 
constant inverse ratio of intensity to frequency. 

To test this idea the hourly records of measurable 
rain were grouped in classes, the first containing all 

h 
B 

./8$ 

./sa 4 

. /2 .c a 

.OS* 

.Q6 8 

.a@ 

./4$ 

./o$ 

? .a4 $ 
.02\ 
0 

I &h/freouency ofprecip/afion /n any amount 

fieQuency ofmeasurab/e rahs LO/ormord % 
ffl merage hour//y ra/nfa/!/Mensify 

mace ormore) % 

FIGWEX 2.-Block chart of comparative monthly values, from 30 years precipitation 
ieeotds (1898-1927, inclusive) a t  New Orleans, La., combining the following in the 
order named: (1) Total percentage Ire uenc of hour1 precipitation of traces of ram 
d of measurable amounts Thln bqaek {ne. (2) qercentage frequency of hours 
with measarable rainlall. Heavy black column. (3) Average hourly intensity on 
mehu blerams. Shaded columns. Sralefor (1) and (2) a t  left, indicatingpercenta e 
oltotulfamurs In a ‘ven month for 3qyears. or “gross” frequency of occurrence. d e  
for (3) Mright, infundredths of an inch per hour 

which is exceeded by four other months. December and 
January show the lowest hourly intensities, although 
neither is the driest month in the year, as three other 
months carry considerably smaller normals of total rain- 
fall. 

These values evidently reflect variations in the char- 
acter of the rainstorms at  different seasons of the year. 
It is well knowp to residents of the middle Gulf coast 
region that the character of winter rains differs materially 
from the shower type prevalent in warmer seasons, but it 
is somewhat surprising to find the lughest average in- 
tensity of rainfall in April (with norwal precipitation 
4’.91 inches) rather t’han in July, when the nornial precipi- 
tation total is almost one-third greater and thunderstorins 
the principal cause of rain. 

FIGURE 3.-Bloct chart of frequencies and approximate amounts of precipitation in 
various classes of hourly intensity. by months, as recorded at New Orleans, La., In the 
30 years, 189%-19?7, inclusive. Hourly intensity class limits shown under each poup. 
Vertical scales at left indicate frequency of occurrenc?. Except for the bottom group 
frequency Is expressed as number of hours out of 10,ooO (for each month) shbwini 
rainfall of given intensity. Vertical scales are expanded (successively doubled u1 
approximate ratio to the increasing values of successive group intensities. Length of 
column is therefore comparable, month to month and class to class, to show ~DXJIOXI- 
mately the total amount of rainfall recorded as a result of each intensity 

hours showing rainfall of 0.01 to 0.04 inch; the second, 
those hours with 0.05 to 0.09; the third, records of 0.10 
to 0.19; the fourth 0.20 to 0.39; the fifth, 0.40 to 0.79; the 
sist’h, 0.80 to 1.49; and the seventh and last, all amounts 
of 1.50 inch or over. The limits used for each class 
increase in approsinlate geometric ratio throughout the 
series. Each class after the first covers a range of amount 
about twice as wide as that of the preceding class. 

Section I of Table 4 summarizes the count of these 
groupings for each month in the year, and, as in other 
tables, the freqwncy of each class is expressed (in Section 
I1 of Table 4)  as a percentage of the total number of houre 
in the record for each month. 
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race 

our8 
116 
939 
863 
556 

539 
738 
917 
817 

i 5 i  
584 
616 
228 

TABLE 4.-Frequency of hourly rainfall intensities (random samples), 
dassijied i n  increasing values, Section I ;  relative lo time totality, 
Section ZI; and also relative to total rainfall hours, Section ZII. 
(New Orleans, La.,  1838-1327, inclusive) 

0.01 
to 

0.0-1 
___ 

Houri 
727 
589 
575 
353 

400 
502 
592 
505 

532 
394 
4,53 
933 

average intensities chosen as criteria for each succeeding 
group. This plan permits of comparison of frequencies 
in each c,lass, month to month, and indirectly, from class 
t80 c.lass. 

Be,cause the scale of hours bears a fairly close relation 
tJo the intensity of the precipitation, the height of each 
vertical block represents a reasonable approximation to 
the averap amount of rainfall recorded in each class 
of intensities. Comparison reveals a t  once that not- 
withstanding the grea.t frequency of hours with amounts 
less than 0.10 inch, the major portion of the total rainfall 
occars in hours with somewhat higher rainfall intensities. 
Maxima of monthly frequemies for the lower classes 
occur in the winter months, up to and including the 
class with hourly amounts of 0.20 to 0.39 inch. The 
malrinia shift to the warmer months for those classes 
which show higher intensities. Summer thundershowers 
evidently favor the production of hourly intensities of a 
half inch per hour or higher, and March, April, and 
May, are marked by a noticeable frequency of storma 
producing hourly intensities of 1.50 to 3.50 inches. 

The largest random sample obtained in any single 
clock hour in the 30 years of record was 3.44 inches, in 
April, 1920. The highest amount in the 60 minutes of 
most intense rainfall, without regard to the hour lines 
on bhe record sheets, was 3.60 inches, April 9, 1920 
(the same storm which produced the maximum random 
sample). Only two other cases of selected hour extremes 
esce.ed 3 inc.hes for a single hour; one shows 3.01 inches 
in 60 minutes, April 18, 1914, and the other, 3.39 inches, 
April 16, 1927. 

Higher rates are frequently recorded for fractional 
pa,rts of an hour, but the cases quoted above cover the 
greatjest intensities for whole hours of record a t  New 
Orleans. Random sampling (which is the true nature of 
the a,niounts recorded in the fixed hour brackets carried 
by the record sheets) thus reveals, in 30 years of meamre- 
ments, a. maximum hour value closely approximati 
highe.st selected hour-intensity from the same rainf 

In  the frequency studies so far described, the totality 
of elapsed time, including hours without as well as hours 
with rainfall, has been used as the base to which frequency 
was referred. The results measure what may be called 
the “absolute” or ((gross” hazard of occurrence of rain- 
fall, or of rainfall of a given intensity class. 

The intervals wX~ou.t rain a.re thus involved in the 
values assigned to “gross ” frequency, and the true 
nature of the hourly rainfall intensities in the average 
rainstorm, as it may show variation from winter to 
summe.r, or otherwise, is to that extent obsdured. Scat- 
tered heavy rains such as those of April, for example, will 
show a sequenc,e of rainfall intensity frequencies some- 
what diluted by the great number of hours free from 
rain, as compared with a month suc,h as December, 
which has more rainy and fewer dry hours. 

If the sum of all 
hours with the ‘(rain condition’’ (as evidenced by records 
of a trace or more of precipitat’ion) be taken as the base 
upon which a “relative” frequency for each group in- 
te,nsity is c.omput,ed t,he re,sult,s will display the true 
hazard of rainfall intensit,y amongst’ the hours in which 
rain ac,tually falls. Seasonal comparison of the sequences 
of varying hourly intensit,ies is t8hen legit’imate, and a 
truer view of the nature of t,he average rainstorm in each 
season is obtainable. 

Section I11 of Table 4 set>s forth nunierical d u e s  for 
this ((relative frequency ” of intensity groups compared 
with t,otal rainfall hours for each month of the year. 
The numbers used are set down in whole numbers instead 

3 the s. 

To obviate this difficulty is simple. 

0.80 
to 

1.49 

fours 

24 
36 

17 
30 
38 
29 

32 

16 
2: 

_ _ _  

4rerage 
otsnsim 
iver 1.50 

___ 
1.50 
or 

over 

Hour. 
9 1  
5 2  

9 
8 

11 
7 

11 
5 

4 
4 

i o  
1 

-- 

(N) 

Total hours 
vith precipi- 
ation of any 
amount (T 
or more), 
1898-1927 

lours 
232 
223 
185 
117 

142 
180 
210 
19; 

SECTION I 

(C) Intensity group totals, 1899-1927 

Hour8 Houri 
188 110 
2’24 117 
167 119 
145 116 

119 99 
146 109 
192 106 
171 124 

Month 

=.ct. P.  cl. P. et. 
i.00 3.26 1.04 
1.62 2.90 1.09 
i.87 1 1  2.58 0.m 
1.58 1.63 0.54 

2.42’1.79 0.64 
1.42 2.33 0.83 
4.12 2.65 0.94 
3.66 2.28 0.88 

L.41 2.46 0.99 
1.62 1.77 0.65 
1.85 2.10 0.69 
5 .50  4.18 1.34 

P. et. P. c t .  P.Ct. P.Ct. P.Cl. 
0.89 0.50 0.20 0.04 
1.10 0.5R 0.28 0.02 __._. 
0.75 0.53 0.22 0.11 .____ 
0.67 0.53 0.35 0.17 ____. 

0.53 0.45 0.33 0.08 _ _ _ _ _  
0.68 0.50 0.33 0.14 __._. 
0.86 0.48 0.46 0.18 ._.__ 
0.7 i  0.55 0.39 0.13 __.._ 

0.78 0.60 0.34 0.14 .-... 
0.73 0.39 0.15 0.10 .-... 
0.53 0.37 0.18 0.03 .__.. 
0.W 0.61 0.28 0.07 ..... 

- 

D.40 
to  

D.79 
- 

lour 
44 
53 
49 
75 

73 
72 

103 
87 

77 
34 
39 
63 

~ - 

3.3 
3.7 
3.3 
4.0 

3.5 
3.6 
3. 7 
3.8 

3. 6 
3.6 
3. 2 
3. 1 

3.3 

3.6 

1.05 0.10 0.20 

to 1 to 1 to 
1.09 0.19 0.39 

10. 6 
9.7 

10.3 
12.0 

9.9 
9.9 

10.3 
9.7 

9.0 
9.8 
9.9 
9. i -- -- 

9.8 

9.8 
___ 

-I -I 
2.438 
2,152 
1.991 
1,406 

1,400 
1,784 
2.169 
1,935 

1.916 
1,433 
1.459 
2,894 

____ 

(T) 
Total hours 

in each 
month with. 
out regard 
to precipi- 

tation. 
1898-1927. 
inclusive 

January.. 
February. 
March .... 
April. ..-. 

May ...... 
June.. .. . . 
July _ _ _  . -. 
August ... 

September 
October 
November 
December 

Month 

1.62 
1. 58 
1. 61 
2. 17 

1.95 
1. a3 
1. 74 
1.75 

1. 82 
1. 88 

2. 14 
. . . . -. -. 

-- 

ternarks 

SECTION I1 

3ross frequency of occurrence ex ressed as the 
percentage value of group iota% (C). above, 
divided by the tune totality (T), opposite 

(Group Intensity values BY above: column 
headings, Section I) 

I I I I I I I  

22,320 
20,304 
22.320 
21,600 

22,320 
21.600 
22,320 
22.320 

21, fm n. 320 
21,800 
22,320 

~- 

January.. 

March. -. . 
April -. -. . 

May 
June ...- -. 
July. -.-. . 
August.. 

Septembe 

Decerntlei 

February. 

%ellbe 

Class frequencies relative to total hours with rain. 
(The hazard of occurrence of a given intensity 
among all the hours with rain. The Egure 
below is the reciprocal of the value of CIN, in Month 
Section I, above.-ontl should be read as “occur- 
ring in 1 hour out of” the numher given below) 

(Group intensity values as above; column 
headings. Section I) 

- 

2.2 
2.3 
2. 2 
2. 5 

2.0 
2.4 
2.4 
2.4 

2. 5 
2. 5 
2.4 
2.3 - - 

2.3 

2. 4 
- 

- 
12.2 
9. 6 

11.4 
9. 7 

11. e 
12. 2 
11.3 
11.3 

11.3 
8. 8 

12. 7 
13. 1 - 

11.8 

11.5 
- 

- 

22.3 
18.4 
10.0 
12. 1 

14. 2 
16. 3 
20.5 
15.6 

14.5 
16.5 
18.0 
21.6 - - 

20.2 

IS. 2 
- 

I I  

127 
255 
197 
387 

21.9 60 480 
42.2 1 68 1 358 
57.4 208 ~-... 
45.9 181 2.891 

45.0 

22.3 

242 2.230 

63 212 

Figure 3 represents the frequency in each class by a 
graphic scale, expressed as the number of hours out of 
10,000, for each month, in which precipitation of each 
class range has occurred. The vertical scale on which 
frequency is plotted is doubled for each succeeding block 
after the first, in keeping with the increasing ratio of 
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of fractions, or percentages. Each value must be under- 
stood as indicating the average number of random samples 
of hourly rainfall which must be taken to secure one ex- 
ample of the given hourly intensity. A value of 4 for 
the group “0.01 to 0.04” in April, thus indicates that, 
in the average, hourly rainfall of 0.01 to 0.04 inch intensity 
occurs once in each four hours of rain in April. B value 
of 2,894, for hourly rains of 1.5 inches or over, in Decem- 
ber, means that rainfall has exceeded 1.5 inches per hour 
in that month in only one hour out of nearly 3,000 with 
rain. The smaller values thus represent higher relative 
frequencies. 

Casual inspection of the values in Section I11 of Table 
4 reveals several noteworthy features. The uniformity 

experienced twice as frequently in December as in May, 
traces provi,.le practically the same proportion of rainfall 
hours in either month, being actually less numerous in 
May because rainy hours of all other intensities are also 
less numerous in that month compared with December. 

Similar considerations apply to the value,s for the next 
two inte.nsity groups, 0.05 to 0.09 and 0.10 to 0.19, which 
occur with re.markably uniform relatiae frequency a t  all 
tin1e.s of the year. 

n7ith the classes of hourly amount,s betwe,en 0.20 and 
0.39 iixh, there appears a wider seasonal variation, and 
in the higher intensities this range incre,ases to a very 
large ratio, until the last column carries values indicdng 
that hourly amounts exceeding 1.5 inc.hes or over are 

n- 

00 

FIGURE I.--Frequency of precipitation of varying hourly intensity. relative to the total of hours with rainfall of 8 trace or more in each period as shown by 
records at New Orleans La. for 30 years 18061927 inclusive Each month or Season is indicated bv a curve connecting a series bf points misinifram relative 
frequency of each intenshy id the month dr season. ’Vertical scale sbnws values for hourly precipitation intensities in inches and hundredths. HoriGontal scale 
carries frequency values in logarithmic series. Cross lines are placed at midpnint of each intensitv class 88 representing the approximate average value 
for each class. The frequenc value indicated by vert.ica1 line intersecting intemity line at any plottid point expresses the average number of random samples 
of hourly preclpitation reqnged to secure 1 example of the intensity class for whirh the point is plotted. The fractional form is to be read as “ 1  example o.ut 
of” the number in the denominator. Straight line relation of plottmi points indicates that the values connected by that line are related as a logarithmic series 

of the frequency values in ea& of the first three in,ensit;y 
groups, considering together all months of the year in 
each group, is strikingly evident. Traces occ.ur wit,h a 
frequenc.y range restricted to the small difference between 
2.2 and 2.6, regardless of season. That is, considered 
solely in relation to hours with rain, about 40 per cent, 
(the value of 1/2.5) of all rainy hours regardless of setison, 
receive only a brace of rain. Compare this range of 
values with the percentage frequency of traces in the dif- 
ferent months, relative to totality of hours in the month, 
shown in the “trace” column of Section 11, Table 4, 
where the range of values is from 2.42 to 5.5, or a dif- 
ference of somewhat more than 100 per cent of the lesser 
value. In  other words, while trac.es of rain are ac,tually 

twenty times more frequent in May than in December. 
The vitluc of “infinity” for this item in November is 
resultant from the fact that no case of intensity reaching 
1.5 per hour was recorded in that month. 

Further interesting and suggestive relations are brought 
o u t  by studying the trend of frequencies through hori- 
zontal groups, that is, the frequency distribution through 
intensity series describing each particular month of the 
year. The numerical tables do not afford a suitably 
obvious display of such horizontal relations, and for that 
reason Figure 4 was devised to provide graphic repre- 
sentations and comparisons. 

This figure is based upon a logarithmic scale of fre- 
quencies. The primary reason for using a logarithmic 

1 
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scale along the horizontal axis, on which frequencies are. 
plotted, is to permit compression of that scale to conve- 
nient compass, without loss of detail in the smaller num- 
bers. By no other means could a range of numbers from 
2 to nearly 3,000 be p1otte.d with clarity, meanwhile 
keeping within reasonable space liniit8s. 

The, secondary, and as re,sults show, the. more valuable 
reason for the use of a logarithmic. s!ale, rests in it’s 
important property of throwlng into stralght line relation, 
series of yalues varying by a fixed ratio, which would, 
under ordinary squared cross-sectional plotting, lie. along 
a curved line. Straight lines and angles are more readily 
compared than curved lines. 

Furthermore, when plotted values group themselves 
into straight line relations on a logarithmic scale this 
grouping is in itself evidence of a systematic internal 
structure in the group, the variation necessarily being 
in accord with a logarithmic ratio if it fits thus into loga- 
rithmic plotting. Straight line grouping of connected 
frequency values therefore warrants the inference that 
the events themselves are interrelated as a geometric 
progression, and are probably resultant from the opera- 
tion of common causative influences which combine into 
multiplication patterns rather than the simpler and more 
heterogeneous patterns of addition. With these con- 
siderations in mind the nature of Fgure 4 may be better 
understood . 

A‘ larger section gives 
representation to full series of hburly rainfall intensity- 
frequencies, from “ traces” to the highest hourly amounts 
recorded. A smaller section, with the vertical wale 
expanded to four times its value in the larger, carries 
frequency-intensities of the lower groups, trace to 0.39 
inch, only. The latter is made necessary by the merging 
of the similar values for these groups, when plotted on 
the relatively short scale of rainfall intensity used in the 
larger section. Even with the expanded vertical scale 
used in the enlarged section, the similarity of relative 
frequency values for groups of hourly intensity varying 
from “trace” to 0.09 inch is so great as to practically 
merge the lines for the several monthly series. 

Perhaps the most interesting feature of these graphs 
is in the fact that the positions for many series of three, to 
five group values, do approximate straight line relat.ions. 
The frequency values for the low intensity groups not 
only form individual straight line series for three points, 
as stated above, but they all approximate the same 
straight line of values, up to amounts of a tenth of an 
inch of rsinfall per hour. 

Between 0.10 and 0.39 inc.h intensit,ies there is a sharp 
common discontinuity in the frequency series. The 
rapid rate of decrease in frequencies (indicated by the 
low angle of the curve prior to that point) sudde,nly 
changes, or even in some cases, notably in the values for 
April and October, increases for frequency of 0ccurre.nc.e 
of 0.10 to 0.19 inch amounts as compared with the 
number for the group, 0.05 to 0.09 inc.h. 

Thereafter, above 0.19 inch, the series in the Iliain 
resume satisfactory straight line relations, but with 
diver ent angles of frequency for different seasons. The 
mont%ly series for winter (November to February, inclu- 
sive) and for summer (May to September, inclusive) 
were of such uniform trend (eee Section ,111, Table 4 )  

I that these groups are represented on the major graph as 
.’ eeasonal averages, m d  not by individual monthly lines. 

Shght smoothing of the positions is involved in apply- 
. ing st.raight lines to these average seasonal frequencics, 
i but this procedure is believed to he justifiable. in order 
i to facilitate seasonal comparisons. Naturally, t,he angle 

The figure is in two parts. 

1.- 

of the wint’er series is below that for t8he summer series; 
this simply reemphasizes the fact already stated, that in 
winter, the cha,rnc.ter of. the prec,ipitation is suc.h t,hat the 
larger hourly rainfalls are less frequently rec,orded, and 
that in summe,r, when the convect,ional type of rain is 
prevalent,, t,lie. higher rates of rainfall are more, frequently 
recorded. 

The, line. for April rains lies highest of all after rising 
above 0.10 inch intensitmy, and for Jive ,intensity -frequency 
position::,jrom. 0.10 to 2.17 in.che8 per hour, the points are 
a h o n s t  emct1,y in t m e  stmight line logarithmic sequence. 
The writ8e,r considers t,his a most noteworhhy case of a 
group relat,ion indica.tive of the operation of consistent 
underlying causative forces productive of the events so 
nicely interrelated. 

In  c.ontrast to the c,onsistency of the frequency &ves 
for winter, summer, and for the month of April, is the 
irregular grouping of positions representing the frequency 
series for March and October. Both of these latter 
curves take a course at first more nearly parallel to the 
winter t,ype, but, above. 0.79 int,ensity, both rise to a 
slope more nearly like that! for summer. The transitional 
c.haract,er of these t’wo months se.parating winter and 
summer c,onditions thus appears t80 be clear, and a 
niixt>ure of seasonal influences seems evident in both. 

The int,erest,ing relations and comparisons resultant 
from t,hese “relative frequency ” studies, just described, 
invite, speculation as to the underlying causes which have 
produced two discontinuous intensity series in the hourly 
rainfall a t  New Orleans. One force or set of forces must 
have operat,etl in the, light intensity range, from trace to 
0.10 in&, over which the monthly values agree in pro- 
during what, amounts to a single line of frequency. 
Anothr,  clistdnct.ly different,, fact80r must come into lay 
to produce the elevation in the angle. of frequency k e s  
through the upper range of intensities. 

These differences should be e.xplaina.ble in terms of the 
meteorologic.al processes commonly understood as a t  
work in causing rainfall anywhere. While this problem 
is too c.omplic.at>cd for full atkention here, a t’entative line 
of suggestive reasoning is offered. 

Obviously, one set of cause,s operates with considerable 
relat,ive uniformity regardless of season, to produce the 
more numerous low int,ensity samples. of precipitation. 
Snperimpose,d upon these are int,ensifymg fackors which 
begin to operate a t  rainfall rates of 0.10 inch per hour, 
and ele.vate t,he frequency of produc.tion of higher rates 
of rainfall. Whatever the nature of this second set of 
factors, it is more e.ffectively at  work in summer than in 
winter, with respect both to frequency and intensity of 
heavy rainfalls. It finds its highest stage of develop- 
ment in late spring, when the heaviest iptensities are 
relative,ly most numerous. 

It is universally agreed that the most active process of 
rainfall product,ion is convectional overturning. Sec- 
ondary to convection in this respect, are the other 
processes resulting in precipitation, such as the gradual 
forced elevation of warm air on sliding surfaces only 
slight,ly inclined to the horizontal, and cooling by mixture 
or by radiation. 

The lat,ter processes are inherently slow, and reveal 
none. of the violent self-energizing quality that marks 
c.onvectiona1 overturning. The resultant rainfall must be 
equally deliberate in rate, and show a very high relative 
freqiiency of s i d l  amounts of hourly rainfall, with a 
rapid clwrease, in fre,quenc.y for rates above the smallest. 
The 1ippe.r limit of inbensity of rainfall from nonconvec- 
t,ional causes would appear, from Figure 4, to rise but 
little if any above the order of a tent,h of an inch per hour. 
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On the other hand, the limit of intensity of rainfall 
production from convectional overturning is less depend- 
ent on the rate of action in the elements of a process than 
upon the quantity and quality of the supply of warm, 
moist air and the degree of instability provided before 
the process begins. Convection is like a conflagration, 
in that once started it is able to support and extend 
itself far beyond the initial impulse, through a growth 
process limited only by factors competent to control the 
progressive conversion of latent energy into active work. 

Small examples will be similar to large ones in that, 
up to the limit of the energy supply, the process is one of 

rompt growth from small beginning to maximum possi- 
b e  development. The large examples of convectional 
overturn may be supposed, in the course of development, 
to pass through stages of intensity that generally duplicate 
the characteristics of the smaller disturbances arising 
under the same sepsoned conditions. The by-product of 
both ,would be ramfall of similar intensities up to the 
limits of the lesser disturbance. An intensity series 
resultant from a collection of samples of convections of 
all sizes should thus be harmonious within the general 
limits imposed by seasonal controls. 

Colder air, in winter, will set a lower limit of convectional 
development than that generally obtainable in the warm, 
moist air of summer. Hence the winter curve of rainfall 
fmquency and intensity lies lower than that for summer. 

I n  the spring t,he still vigorous c.yclonic exchange of 
polar and equatorid air c.ombines wit'h rapidly rising 
temperatures and an inc,reasing moisture content of air 
masses warming near t,he eart,h's surfme to offer oppor- 
tunity for developnient of ma.ximum instabilit,ies. The 
season favors t,he conjunct,ion of air currents of great 
contrast in t,emperature and humidity, which frequently 
results in a conversion of general cyc,lonic e.ne,rgy into 
the activit>y of local convections, with rainfall as one of the 
chief by-produc t,s. Thus arise t,he convectional disturb- 
ances of niost energetic form, having the largest limits 
witahin which t,he.ir growth can proceed, and thus the 
curve for April rises to a maximum relation of rainfall 
intensity to relative frequency. 

The largest a.mounts of rainfall for 24-hour periods 
occur, a t  New Orlea.ns, in spring rainst,orms (between 
Mwch and May), in which the quantity of precipitation 
exeeds even those heavy amounts pr0duce.d by t,he 
passage of well developed tropical storms, which have 
been responsible for t,he most intense. 24-hour rainfalls 
in t,he remainder of the year. The most notable example 
of the former class of storms is lhat of April 15-16, 
1927, when 14.01 inc.he.s of prec.ipit,ation oc,c.urre.d a t  
Ne,w Orleans in one day's rain. The general character- 
istics of this type of rainstorm are wort,hy of further 
study, to place t,hem into correct relat,ion to the major 
movement,s of bhe at,niosphere which must attend them. 

METEOROLOGICAL SURVEY OF PROPOSED SITES FOR THE SAN FRANCISCO 
MUNICIPAL AIRPORT 

By ERNEST E. ESLUND 
55/,s: 7 zS.3P ( 794) 

[Author's abstract] 

Many sites for the proposed San Francisco munic.ipa1 
airport were suggested and the me,rits of each were dis- 
cussed a t  numerous hearings before the Board of Super- 
visors of the City and County of San Francisc.o. The 
opinions of experience.d Government and c.ivilian flyers 
were obtained, but they differed so widely, particularly as 
to weather conditions, that it was impossible to agree 
upon a site and it was the,refore decided to develop a 
temporary airport, pending t,he results of a mete,orologic.al 
survey of all proposed sites, on which to base final judg- 
ment in selecting a site for the permanent airport. In 
cooperation with the city engine,er's office, the Weather 
Bureau was asked to outline t,he survey and to supervise 
the work during its progress. 

PHYSICAL R E Q U I S I T E S  OF AN AIRPORT 

The three primary requisit,es of an airport are (1 ) fnvor- 
able climatic conditions, ( 2 )  adequat,e size, and (3) acces- 
sibility. While nearneqs to the metropolis is desirable, 
this factor has little weight in determining the best pos- 
Bible location for an airport unless the two more. important 
requirements, I .  e. ,  suitable climat'ic conditions and Rde- 
quete size, have first been sat,isfied. The airport must, be 
of sufficient size to provide for buildings and st,ill leave 
ample room for t'he operation of aircraft,. Runways must 
be oriented so that planes may take off or land into the 
wind and they must be suffic.iently long to provide n 
safety factor in the operation of t8ransport, pla.nes. 

Important as size and nearness are t,o t8he problem of 
airport location, the basic physical requisite is nieteoro- 

1 Complete re ort, with tables and flgures. is on file at yeather Bureau Office. San 
Francisco, Calif It is experted that it will later be puhlighed in full 6s a public or 
prlwte daWnent.-E. E. E. 

logical suitability. Hazards due to weather must be re- 
duced t,o the lowest possible mininitmi, which can only be 
done by choosing bhe 1ocat)ion that, has the most favorable 
meteorological conditions. All other considerations may 
t,herefore be. diswgarded if a prop0se.d location for an air- 
port is unfit for safe landing and scheduled flying because 
of nieteorological unsuit,nbilit,y. 

AVAILABILITY OF S I T E S  MEETING R E Q U I R E M E N T S  

No sitre wit,hin t.he city and count,y of San Francisco was 
suitsable for development as an airport,. With wa.ter to 
t8he we,st, north, and east, the sea,rc.h for sites was ne,ces- 
sa.ri1p directed sout,hward along the peninsula. Many 
possible sites were offered and six spe.cific. sit,es were chosen 
for conside,ration in the meteorological survey. 

Sit.e No. 2 is loc.at,ed just south of what. is loc,all;v known 
as South San Francisco, and t,his locatmion wtls favore,d by 
ninny becmise i t  is newest bo San Frnncisco. The selec- 
tdnn of t,his loc.ation was opposed by ot.hers on t.he grounds 
that i t  is bordered by R high tension power line, that rough 
air is found there owing 60 t,he proximity of t.he San Bruno 
Mounta.ins and that t,he site is frequent,ly covered with 

bite No. 6 is located 1 ride, south of sit,e No. 2 and is 
the, one selected for the t,emporarp airport, known as 
Mills Field. Those in favor of t8his locat'iori claim'ed that 
it. is far e,noiigh south t.o esc.ape, fog and unfavorable winds 
at,tribiited t80 site No. 2 and t8hnt, i t  is favorably situat,ed 
wit,h respe.ct, to nhstructions. Opponent,s of t,his sitme 
claimed that more favorab!e. weather conclit,ions would be 
found still farther sout,h. 

Sit'es Nos. 1 and 4 lie. imme~dia.t.el;v sout,h of site No. 6 
and may be considered t,oge,!the,r since, they are separated 
by the hig1iwa.y only. Sit,e No. 1 is obviously defic,ient 

fog; 


